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"A CATHETER" 
Introduction 

This invention relates to a delivery catheter for delivering an embolic protection filter to a desired site ir 
vasculature, and for deploying the filter at the desired site. 

In particular this invention relates to a delivery catheter, which is configured to facilitate rapid exchange 
the catheter over a guidewire during both delivery and deployment of the filter. 

Exchange of a catheter over a guidewire using a rapid exchange arrangement enables an interventional 
procedure to be performed by a single operator in a fast, efficient manner. 

This invention is aimed at providing a catheter which will facilitate both delivery and deployment of an 
embolic protection filter. 
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Statements of InventionAccording to the invention there is provided a delivery catheter comprising : - a 
catheter shaft having a control lumen for an operating element; a pod defining a reception space for an 
embolic protection filter, the pod being movable relative to the catheter shaft upon operation of the 
operating element to facilitate deployment of a filter from within the reception space; and an engagemer 
element for engaging a filter in the reception space upon movement of the pod relative to the catheter sh 

In one embodiment of the invention a distal end of the catheter shaft is disconnected from a proximal en 
of the pod for movement of the pod relative to the catheter shaft. The distal end of the catheter shaft is 
preferably spaced proximally of the proximal end of the pod. The catheter may comprise a covering slee 
extending between the distal end of the catheter shaft and the proximal end of the pod. In one case the 
covering sleeve is mounted to the catheter shaft. Ideally the pod is movable relative to the covering slec 
In another case the covering sleeve is mounted to the pod. Ideally the covering sleeve is movable relativ 
to the catheter shaft. 

In another embodiment of the invention the engagement element is attached to the catheter shaft. 
The engagement element may extend distally of the catheter shaft. 

In one case the engagement element comprises a pusher. Preferably the pusher comprises a coiled sprinj 
The pusher may be of a high modulus of elasticity polymeric material. 

In one embodiment the engagement element defines a guidewire lumen therethrough. 

Preferably the engagement element has a guidewire opening at a proximal end of the guidewire lumen. 
Ideally the engagement element is configured for passage of a guidewire from the guidewire lumen 
through the guidewire opening substantially parallel to the longitudinal axis of the catheter shaft. Most 
preferably the longitudinal axis of the engagement element is substantially parallel to the longitudinal a? 
of the catheter shaft at least in the region of the guidewire opening. 

The guidewire opening may face proximally. 

In a preferred case the guidewire opening is located a substantial distance distally of a proximal end oft 
catheter for rapid exchange of the catheter over a guidewire. 

In a further embodiment of the invention the cross-sectional area of the operating element is small relati 
to the cross-sectional area of the catheter shaft along at least part of the length of the operating element. 
Preferably the cross-sectional area of the operating element is small relative to the cross-sectional area c 
the catheter shaft in the region of the guidewire opening. 

Preferably in the delivery configuration the cross-sectional area of the operating element is small relativ 
to the cross-sectional area of the catheter shaft for a distance of at least 10mm proximally of the guidew 
opening. Most preferably in the delivery configuration the cross-sectional area of the operating element 
small relative to the cross-sectional area of the catheter shaft for a distance of at least 20mm proximally 
the guidewire opening. Ideally in the delivery configuration the cross-sectional area of the operating 
element is small relative to the cross sectional area of the catheter shaft for a distance of at least 30mm 
proximally of the guidewire opening. Desirably in the delivery configuration the cross sectional area of 
operating element is small relative to the cross-sectional area of the catheter shaft for a distance of at lea 
40mm proximally of the guidewire opening. 

In another embodiment the diameter of the operating element is in the range of from 0.008" to 0.015". 
Ideally the diameter of the operating element is in the range of from 0.01" to 0.012". 
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The operating element enables a user 'to achieve a steady, accurate deployment at a desired site in a 
vasculature while ensuring the overall crossing profile of the delivery catheter is kept to a minimum. 

The operating element may comprise a control wire, in this case a pull wire. In addition during 
advancement of the catheter through a vasculature, the control wire may bend around its own neutral ax 
This results in the contribution of the control wire to the overall stiffness of the catheter being kept to a 
minimum for a highly trackable delivery catheter. 

The operating element may exit the control lumen at a location distally of the guidewire opening. The 
operating element may exit the control lumen at a location proximally of the guidewire opening. The 
operating element may exit the. control lumen at a location adjacent the guidewire opening. 

In another embodiment of the invention the catheter comprises means to guide passage of a guidewire 
through the guidewire opening. The means to guide passage may comprise a guide tube. Preferably the 
guide tube is located at the guidewire opening. The guide tube may be mounted to the engagement 
element. 

In a preferred case the guidewire lumen of the engagement element is offset radially from the control 
lumen of the catheter shaft. 

The catheter shaft may comprise a mounting piece for attaching the engagement element to the catheter 
shaft. In one case the distal end of the catheter shaft is located distally of the proximal end of the 
engagement element. Preferably the mounting piece is more flexible than the catheter shaft and the 
engagement element. 

In another case the mounting piece is more stiff than the catheter shaft and the engagement element. 
The mounting piece may taper proximally inwardly. 
The mounting piece may taper distally inwardly. 

In one embodiment the guidewire opening is provided by an opening in the mounting piece. 
In a preferred case the engagement element comprises an engagement surface for engaging a filter in tht 
reception space. Ideally the engagement surface is provided by a distal end face of the engagement 
element. The engagement surface may extend circumferentially around the engagement element to defir 
an"0"-shape. The engagement surface may extend partially circumferentially around the engagement 
element to define an"U"-shape. 

Ideally the engagement surface is configured to engage a tubular member of a filter. 
The tubular member preferably defines a guidewire lumen therethrough. 

In one embodiment the operating element is attached to the pod. Preferably the operating element is 
attached to an exterior surface of the pod. 

The pod may comprise a proximal portion and a distal portion, the distal portion defining the reception 
space. Ideally the operating element is attached to the proximal portion. 

The proximal portion and the distal portion may be fixed together by means of a marker band. 
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In one embodiment the operating element is a control wire. Preferably the operating element is a pull wi 

The operating element may comprise a plurality of wires. Ideally the wires are braided together along at 
least part of the length of the operating element. 

In a further case the stiffness of the catheter shaft decreases distally. Preferably the stiffness of the cathe 
shaft decreases from a point proximally of the guidewire opening to a point distally of the guidewire 
opening. Ideally the stiffness decreases in a gradual manner. Most preferably the catheter shaft includes 
least one slot in the catheter shaft. The slot may extend along the catheter shaft in a spiral. Ideally the pi 
of the spiral varies along the catheter shaft. 

In another embodiment the pod is thin-walled. Ideally the pod has a wall thickness in the range of from 
0.0005" to 0.00075". The pod may be of the material polyethyleneterephthalate or polytetrafluoroethyle 

In another aspect the invention provides a catheter comprising a proximal shaft portion and a distal shaf 
portion attached to the proximal shaft portion, and means to stiffen the catheter at the junction between i 
proximal shaft portion and the distal shaft portion. 

In one embodiment the catheter comprises a mounting piece for attaching the distal shaft portion to the 
proximal shaft portion. Preferably the distal end of the proximal shaft portion is located distally of the 
proximal end of the distal shaft portion to stiffen the junction. Ideally the mounting piece is more flexibl 
than the proximal shaft portion and the distal shaft portion. 

In another case the mounting piece is more stiff than the proximal shaft portion and the distal shaft porti 
to stiffen the junction. 

Ideally the catheter comprises strain relief means. The mounting piece may taper distally inwardly. The 
mounting piece may taper proximally inwardly. 

In a further embodiment a guidewire opening is provided in the catheter, the guidewire opening being 
located a substantial distance distally of a proximal end of the catheter for rapid exchange of the cathete 
over a guidewire. Ideally the guidewire opening is provided by an opening in the mounting piece. Most 
preferably the guidewire opening faces in a direction substantially parallel to the longitudinal axis of the 
catheter. 

The catheter may comprise means to guide passage of a guidewire through the guidewire opening in the 
catheter. Preferably the means to guide passage is provided by the mounting piece. 

The invention also provides in a further aspect a delivery catheter comprising: a catheter shaft; a pod 
defining a reception space for an embolic protection filter; and an operating element coupled to the pod; 
the pod being movable relative to the catheter shaft upon operation of the operating element to facilitate 
deployment of a filter from within the reception space; the operating element being coupled to the exteri 
surface of the pod. 

In one embodiment of the invention the operating element extends internally through a control lumen in 
the catheter shaft, exits the control lumen and extends externally along the pod. 

Ideally the operating element is fixedly attached to the pod. 

The operating element may be a control wire. Preferably the operating element is a pull wire. 

In one case the pod comprises a proximal portion and a distal portion, the operating element being coup 
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to the proximal portion. 

A guidewire opening may be provided in the catheter located a substantial distance distally of a proxim< 
end of the catheter for rapid exchange of the catheter over a guidewire. 

Desirably the catheter comprises an engagement element for engaging a filter in the reception space upc 
movement of the pod relative to the catheter shaft. 

In another aspect of the invention there is provided a delivery catheter comprising: a catheter shaft; a poc 
defining a reception space for an embolic protection filter, the pod being movable relative to the cathete 
shaft to facilitate deployment of a filter from within the reception space; and an engagement element foi 
engaging a filter in the reception space upon movement of the pod relative to the catheter shaft; the 
engagement element being offset in the radial direction from the catheter shaft. 

The engagement element may be attached to the catheter shaft. 

Preferably the engagement element extends distally of the catheter shaft. 

In one case the distal end of the catheter shaft is located distally of the proximal end of the engagement 
element. 

In a further embodiment the catheter comprises a mounting piece for attaching the engagement element 
the catheter shaft. 

Ideally the catheter comprises an operating element coupled to the pod for moving the pod relative to th 
catheter shaft. 

A guidewire opening may be provided in the catheter located a substantial distance distally of a proxime 
end of the catheter for rapid exchange of the catheter over a guidewire. 

The delivery catheter of the invention is particularly suitable for delivering an embolic protection filter 
through a vasculature over a guidewire, and for deploying the filter at a desired site in the vasculature, h 
this case, the distal portion of the catheter body is thin- walled, for example with a wall thickness in the 
range of from 0.0005" to 0.00075". The distal portion is preferably of the material 
polyethyleneterephthalate (PET), or polytetrafluoroethylene (PTFE). 

Brief Description of the Drawings 

The invention will be more clearly understood from the following description of some embodiments 
thereof, given by way of example only, with reference to the accompanying drawings, in which: 
Fig. 1 is a partially cut-away, perspective view of a delivery catheter according to the invention passing 
over a guidewire; 

Fig. 2 is a partially cut-away, perspective view of the catheter of Fig. 1, in use; 
Fig. 3 is a partially cut-away, perspective view of a part of the catheter of Fig. 

1; 

Fig. 4 is an enlarged, cross-sectional, side view of a part of the catheter of 
Fig. 3; 

Fig. 5 is a partially cut-away, perspective view of a part of the catheter of Fig. 
1; 

Fig. 6 is an enlarged, partially cut-away, perspective view of a part of the catheter of Fig. 5; 
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Fig. 7 is a cross-sectional, side view of the catheter of Fig. 6; 

Fig. 8 is a cross-sectional, side view of a part of the catheter of Fig. 1; 

Figs. 9 to 12 are cross-sectional, side views illustrating loading of an embolic protection filter into the 
catheter of Fig. 1; 

Figs. 13 to 17 are cross-sectional, side views of the catheter of Fig. 1, in use; 

Fig. 1 8 is a partially cut-away, perspective view of another delivery catheter according to the invention 
passing over a guidewire; 

Fig. 19 is a partially cut-away, perspective view of the catheter of Fig. 18, in use; 
Fig. 20 is a perspective view of a part of the catheter of Fig. 1 8; 
Fig. 2 1 is a perspective view of a part of the catheter of Fig. 1 8; 
Fig. 22 is a view along line XXII-XXII in Fig. 21; 

Figs. 23 and 24 are perspective views of a part of other delivery catheters according to the invention; 
Figs. 25 to 27 are partially cut-away, perspective views of other delivery catheters according to the 
invention passing over a guidewire; 

Figs. 28 to 33 are perspective views of a part of other delivery catheters according to the invention; 
Fig. 34 is a view along line XXXIV-XXXIV in Fig. 33; 

Fig. 35 is a perspective view of a part of a further delivery catheter according to the invention; 

Fig. 36 is a view along line XXXVI-XXXVI in Fig. 35; 

Fig. 37 is a partially cut-away, perspective view of a part of the catheter of 

Fig. 1; 

Fig. 38 is a perspective view of a catheter shaft part of another delivery catheter according to the inventi 
Figs. 39 to 44 are perspective views of an engagement element part of delivery catheters according to th 
invention; 

Figs. 45 to 47 are perspective views of a covering sleeve part of delivery catheters according to the 
invention; 

Figs. 48 to 55 are perspective views of an operating element part of delivery catheters according to the 
invention; 

Fig. 56 is a partially cut-away, perspective view of another delivery catheter according to the invention 
passing over a guidewire;Fig.-57 is a partially cut-away, perspective view of the catheter of Fig. 56, in u 
Fig. 57 (a) is a partially cut-away, perspective view of another delivery catheter according to the inventi 
passing over a guidewire; 

Fig. 57 (b) is an enlarged, partially cut-away, perspective view of a part of the catheter of Fig. 57 (a); 
Fig. 57 (c) is a cross-sectional, side view of the catheter of Fig. 57 (b); 

Fig. 58 is a partially cut-away, perspective view of another delivery catheter according to the invention 

passing over a guidewire; 

Fig. 59 is a view along line IX-IX in Fig. 58; 

Fig. 60 is a cross-sectional, end view of another delivery catheter according to the invention passing ove 
guidewire; 

Fig. 61 is a perspective view of another delivery catheter according to the invention passing over a 
guidewire; 

Figs. 62 to 64 are perspective views of other delivery catheters according to the invention passing over £ 
guidewire; 

Fig. 65 is a perspective view of a further delivery catheter according to the invention passing over a 
guidewire; 

Fig. 66 is a view along line VI -VI in Fig. 65; 

Figs. 67 to 69 are cross-sectional, end views of other delivery catheters according to the invention; 
Fig. 70 is a view along line VII-VII in Fig. 65; 

Fig. 71 is a cross-sectional, end view of another delivery catheter according to the invention ; 
Fig. 72 is a view along line VIII- VIII in Fig. 65; 

Fig. 73 is a perspective view of another delivery catheter according to the invention passing over a 
guidewire; 
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Fig. 74 is a view along line V-V in Fig. 73; 

Figs. 75 and 76 are cross-sectional, end views of other delivery catheters according to the invention 
passing over a guidewire; 

Fig. 77 is a perspective view of a further delivery catheter according to the invention passing over a 
guidewire; 

Fig. 78 is a partially cut-away, perspective view of another delivery catheter according to the invention 
passing over a guidewire; 

Figs. 79 to 81 are perspective views of further delivery catheters according to the invention passing ovei 
guidewire; 

Fig. 82 is a view along line XI -XI in Fig. 81 ; 

Fig. 83 is a cross-sectional, side view of another delivery catheter according to the invention passing ovi 
guidewire; 

Fig. 84 is a partially cut-away, perspective view of a further delivery catheter according to the invention 
passing over a guidewire; and 

Fig. 85 is an enlarged, cross-sectional, side view of a part of the catheter of 
Fig. 84. 

Detailed Description 

Referring to the drawings, there is illustrated a delivery catheter according to the invention for delivery i 
an embolic protection filter through a vasculature over a guidewire, and deployment of the filter at a 
desired site in the vasculature. 

The delivery catheter is suitable for rapid exchange over a guidewire during delivery and deployment of 
embolic protection filter in a vasculature, and during withdrawal of the delivery catheter after deployme 
In particular, the delivery catheter comprises a catheter body which extends between a proximal end anc 
distal end, and the catheter body defines an opening in a sidewall of the catheter body, and an opening a 
the distal end of the catheter body. A guidewire lumen extends between these openings to enable passag 
of a guidewire through the lumen, and thereby facilitate rapid exchange of the delivery catheter over the 
guidewire. 

A distal portion of the catheter body defines a reception space for an embolic protection filter during 
delivery of the filter through a vasculature, and at least one elongate actuator is provided extending alon 
the catheter body to facilitate deployment of the filter from within the reception space. 

The delivery catheter is particularly suitable for delivery and deployment of a filter, which is received 
within the reception space but is separate and independent of the delivery catheter, and which is separat* 
and independent of the rapid exchange guidewire. One example of this type of filter is the embolic 
protection filter described in International patent application number PCT/IEO 1/00053, the relevant 
contents of which are incorporated herein by reference. 

In the region adjacent the guidewire opening in the sidewall of the catheter body, the actuator has a sma 
cross-sectional area relative to the overall cross-sectional area of the delivery catheter. By providing sue 
thin, elongate actuator, this ensures that the guidewire opening in the sidewall of the catheter body, whk 
serves as the rapid exchange port for a guidewire, will not be obstructed or occluded by manipulation of 
the actuator upon deployment of a filter from within the reception space. 

The delivery catheter according to the invention is particularly suitable for delivery and deployment of z 
expandable embolic protection filter. In this case, the distal portion of the catheter body is provided by a 
sheath which restrains the embolic protection filter in a low-profile, collapsed configuration within the 
reception space during delivery to a desired site in a vasculature. The sheath is preferably thinwalled to 
minimise the overall crossing profile of the delivery catheter, especially during delivery of the embolic 
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protection filter. 

Referring to Fig. 1 to 17 there is illustrated a delivery catheter 200 according to the invention. The deliv 
catheter 200 comprises a catheter body 2 which extends between a proximal end 3 and a distal end 4, a 
restraining sheath 10 at the distal end 4 of the catheter body 2, and an elongate actuator, which is provid 
in this case in the form of a stainless steel wire 9. 

The catheter body 2 comprises a proximal hypotube portion 5 and a radially offset distal spring pusher t 
As illustrated in Figs. 3 and 4, the pusher 6 is fixedly attached to the hypotube 5 in a side-by-side 
overlapping arrangement with the proximal end of the pusher 6 located proximally of the distal end of tl 
hypotube 5. 

The pusher 6 has a guidewire lumen 16 extending through the pusher 6 with an opening 17 at the proxiri 
end of the lumen 16 for passage of a guidewire 22 through the lumen 16 and out through the proximal 
guidewire opening 17 (Fig. 4). 

The delivery catheter 200 is thus configured to be passed over the guidewire 22 in a rapid-exchange 
manner. 

The pusher 6 tapers proximally inwardly at the opening 17 for a smooth crossing profile. 

When assembled, the hypotube 5 and the pusher 6 are located substantially side-by side (Fig. 4). This sic 
by-side assembly of the hypotube 5 relative to the pusher 6 enables the guidewire 22 to exit through the 
proximal guidewire opening 17 smoothly and substantially parallel to the longitudinal axis of the catheti 
200 (Fig. 

4). In particular the passage of the guidewire 22 through the proximal guidewire opening 17 does not 
increase the overall profile of the catheter 200. 

A connector shaft 12 is fixed to the sheath 10 with the shaft 12 extending proximally over the pusher 6 
towards the distal end of the hypotube 5, as illustrated in Fig. 1. 

The proximal end of the sheath 10 overlaps the distal end of the shaft 12, and a marker band 13 is locate 
at the distal end of the shaft 12 between the shaft 12 and the sheath 10 (Fig. 7). 

The actuator wire 9 extends distally through an actuator lumen 302 in the hypotube 5, out of the actuato 
lumen 302 at the distal end of the hypotube 5, externally along the pusher 6 to the proximal end of the 
shaft 12, as illustrated in Fig. 4. The wire 9 is attached to the exterior surface of the shaft 12, for exampl 
by bonding. 

By attaching the wire 9 to the exterior of the shaft 12, this arrangement provides for more space within t 
pusher lumen 16 for guidewire passage. 

In addition attachment of the actuator wire 9 to the exterior of the shaft 12 is an easier step to achieve fr< 
a manufacturing viewpoint than attachment to the interior of the relatively long shaft 12. 

As illustrated in Figs. 1 and 2, the restraining sheath 10 and the connector shaft 12 are movable in a slid 
manner relative to the catheter body 2. 

When the sheath 10 extends distally of a distal end of the spring pusher 6, the sheath 10 defines an inter 
reception space 1 1 , as illustrated in Figs. 5 to 7. A collapsed embolic protection filter 301 may be receiv 
within the reception space 11, where the filter 301 will be restrained by the sheath 10 in a low-profile 
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configuration during delivery to a desired site in a vasculature. A suitable material for the sheath 10 is 
polyethyleneterephthalate (PET). 

The distal end of the shaft 12 is flared outwardly (Fig. 7). During delivery of the filter 301, the distal en< 
of the pusher 6 is spaced proximally of the distal end of the shaft 12, and the proximal end of an inner 
tubular member 306 of the filter 301 is partially inserted into the flared shaft 12, as illustrated in Fig. 7. 
This arrangement provides a bridge in stiffness between the relatively stiff shaft 12 and the relatively sti 
inner tubular member 306 of the filter 301. Thus the possibility of buckling of the relatively flexible she 
10 is minimised. 

The distal end of the pusher 6 is engagable with the inner tubular member 306 of the filter 301 upon 
retraction of the sheath 10 to deploy the filter 301 out of the reception space 1 1 . 

As illustrated in Fig. 8, at the proximal end 3 of the catheter 200 a distal handle 8 is provided for grippir 
the catheter body 2 and a proximal handle 14 is provided for gripping the actuator wire 9. The distal har 
8 is injection moulded over the hypotube 5 and the proximal handle 14 is crimped to the proximal end o 
the wire 9. 

The handles 8,14 are movable relative to one another in a telescoping manner with the proximal handle 
sliding within the distal handle 8. Movement of the handles 8,14 is limited by means of stop means. 
Abutment of an outward annular protrusion 303 on the proximal handle 14 against the proximal end of t 
distal handle 8 prevents further movement of the proximal handle 14 distally relative to the distal handle 
Engagement of a shoulder 304 on the proximal handle 14 with an inward annular protrusion 305 on the 
distal handle 8 prevents further movement of the proximal handle 14 proximally relative to the distal 
handle 8. 

A releasable safety clip 307 is provided to maintain the handles 8,14 fixed relative to one another. 

When the catheter 200 is assembled the sheath 10 is directly connected to the proximal handle 14, and tl 
pusher 6 is directly connected to the distal handle 8. 

Movement of the proximal handle 14 proximally relative to the distal handle 8 moves the wire 9, the 
connector shaft 12 and the sheath 10 proximally relative to the pusher 6 to facilitate deployment of the 
filter 301 from within the reception space 1 1 . 

The delivery catheter 200 may be used to deliver the embolic protection filter 301 through a vasculature 
and to deploy the embolic protection filter 301 downstream of a stenosed region in the vasculature to 
prevent potentially harmful emboli, which may be released into the blood stream during treatment of the 
stenosis, such as by a stenting procedure, from migrating further through the vascular system. 

In use, a loading device 310 is partially inserted into the reception space 1 1 of the sheath 10. A pushing 
device 3 1 1 is then threaded through the tubular member 306 of the filter 301 and extended into the 
reception space 1 1, as illustrated in Fig. 9. 

By moving the pushing device 3 1 1 proximally, an engagement stop 3 1 2 on the pushing device 3 1 1 
engages the distal end of the tubular member 306 and the filter 301 is moved towards the loading device 
310 (Fig. 10). Continued proximal movement of the pushing device 311 pushes the filter 301 through th 
loading device 310, thereby collapsing the filter 301, and into the reception space 1 1 (Fig. 1 1). 

The catheter 200 with the collapsed filter 301 received within the reception space 1 1 are then moved 
together proximally away from the loading device 310 (Fig. 12). 
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The method of collapsing the filter 301 and loading the filter 301 into the reception space 1 1 is similar h 
that described in International patent application number 

PCT/IE0 1/00052, the relevant contents of which are incorporated herein by reference. 

Next the guidewire 22 is inserted into a vasculature 315 and advanced through the vasculature 315 until 
guidewire 22 has crossed a site of interest in the vasculature 3 1 5 (Fig. 1 3). A typical site of interest is a 
stenose or diseased region 316 of the vasculature 315. The delivery catheter 200 is then threaded over tr 
guidewire 22 by inserting the proximal end of the guidewire 22 into the guidewire lumen 16 at the distal 
end of the pusher 6, through the lumen 16, and out of the lumen 16 through the proximal guidewire 
opening 17. The catheter 200 is advanced over the guidewire 22 in a rapid-exchange manner until the 
reception space 1 1 is located downstream of the stenosis 316 (Fig. 14). 

To deploy the filter 301 at the desired site in the vasculature 315 downstream of the stenosis 316, the 
proximal handle 14 is moved proximally while holding the distal handle 8 fixed, thereby causing the pu 
wire 9 and the connector shaft 12 to be pulled proximally, as illustrated in Figs. 15 andl6. Because the 
connector shaft 12 is attached to the sheath 10, the sheath 10 also moves proximally while the pusher 6 
does not move. In this way, the collapsed filter 301 is uncovered by the sheath 10 while the distal end oi 
the pusher 6 abuts the proximal end of the tubular member 306 of the filter 301 . The delivery catheter 2i 
thus enables the self-expanding filter 301 to expand outwardly to a deployed configuration. The distal ej 
of the pusher 6 acts as an abutment for a controlled, accurate deployment of the filter 301 at the desired 
in the vasculature 315. 

When the filter 30 has been fully deployed at the desired site in the vasculature3 1 5, the delivery cathetei 
200 is withdrawn from the vasculature 315 over the guidewire 22 in a rapid-exchange manner to leave ti 
deployed filter 301 in place in the vasculature 315 (Fig. 17). 

The movement of the elongate wire 9 proximally relative to the pusher 6 does not occlude the proximal 
guidewire opening 17, or in any way interfere with passage of the guidewire 22 through the guidewire 
lumen 16. Thus rapid exchange of the delivery catheter 200 over the guidewire 22 is possible during 
deployment of the filter 301 also. 

During this deployment action, the connector shaft 12 slides proximally in a telescoping manner over th 
pusher 6. In this manner, the filter 301 may be accurately deployed in a controlled manner without the 
overall crossing profile of the delivery catheter 200 being adversely effected. In particular, no bulging o 
accordioning of the catheter 200 occurs during the deployment action. 

The stainless steel pull wire 9 has a high tensile strength, and thus provides a stretch resistant link betwe 
the proximal pull handle 14 and the sheath 10 to facilitate accurate and recoil free deployment of the 
embolic protection filter 301 from within the reception space 11. 

The hypotube 5 and the spring pusher 6 give the delivery catheter 200 excellent pushability and 
trackability for delivery through the vasculature 315, and provide extremely high compression resistance 
significantly prevent compression, and thereby enable a smooth and accurate deployment action. 

When the delivery catheter 200 is used to deploy the embolic protection filter 301 in this manner, the nc 
moving elements of the catheter 200 are the distal handle 8, the hypotube 5, and the pusher 6. The movi: 
elements of the catheter 200 are the proximal handle 14, the wire 9, the connector shaft 12, and the shea 
10. 

The delivery catheter 200 of the invention facilitates accurate and intuitive filter deployment. By simply 
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holding the distal handle 8 in a fixed position relative to the guide catheter and retracting the contoured 
proximal handle 14, the pull-wire 9 retracts the sheath 10 and the filter 301 is deployed. 

The use of the internal pull wire 9 to connect the sheath 10 to the proximal handle 14 ensures that the fil 
301 can be easily and accurately deployed in a precise location in a controlled, steady manner. In 
particular, the hypotube 5 and the distal handle 8 do not have to move relative to the guide catheter duri] 
the deployment action. 

By attaching the pull-wire 9 to the connector shaft 12, this arrangement ensures that the tensile force is 
transmitted from the wire 9 to the shaft 12 proximally of the sheath 10. Thus the possibility of the sheatl 
10 being pulled to one side during wire retraction is minimised. Instead the sheath 10 slides smoothly in 
the longitudinal direction for accurate filter deployment. 

It will be appreciated that the filter 301 may be deployed by any suitable movement of the sheath 10 
proximally relative to the pusher 6. For example the pusher 6 may be advanced distally while maintainii 
the position of the sheath 10 fixed to deploy the filter 301 from within the reception space 11. 

The rapid exchange delivery catheter of the invention facilitates the delivery of a bare wire filtration 
element over a standard length(180-190 cm) stepped guidewire. 

Referring to Figs. 18 to 22 there is illustrated another delivery catheter 1 according to the invention, whi 
is similar to the delivery catheter 200 of Figs. 1 to 17, and similar elements in Figs. 18 to 22 are assigne< 
the same reference numerals. 

In this case the catheter 1 comprises an overmould junction piece 7 to connect the hypotube 5 to the spri 
pusher 6. The junction piece 7 is fixedly mounted to the hypotube 5 and the proximal end of the pusher 
fixedly attached to the junction piece 7 in a manner such that the hypotube 5 and the pusher 6 are locate' 
in a sideby-side overlapping arrangement, as illustrated in Fig. 20. The distal end of the hypotube 5 
extends distally of the proximal end of the pusher 6, and distally of the junction piece 7 (Fig. 20) such tl 
the hypotube 5 and the pusher 6 overlap. 

The proximal guidewire opening 17 is provided in this case by an opening in the junction piece 7 aligne 
with the guidewire lumen 16 of the pusher 6. The hypotube 5 extends through the full length of the 
junction piece 7 (Fig. 20). 

The junction piece 7 is stiffer than the hypotube 5, and thus assists in stabilising the compressive push 
force between the hypotube 5 and the spring pusher 6. 

The junction piece 7 tapers proximally inwardly towards the hypotube 5 for a smooth crossing profile. 

The actuator wire 9 is flattened down into a curved, dish configuration at the distal end of the wire 9, as 
illustrated in Fig. 22. The wire 9 is fixedly attached to the external surface of the connector shaft 12 by 
means of a heat shrink tubing 350 (Fig. 

21). 

The curved configuration of the wire 9 provides for a large area of contact between the wire 9 and the si 
12 for a secure attachment of the wire 9 to the shaft 12. 

The catheter 1 comprises a shielding sleeve 15 mounted to the junction piece 7. The sleeve 15 extends 
distally from the junction piece 7 over the wire 9 to a point distally of the heat shrink tubing 350 (Fig. 2 
In this manner, the sleeve 1 5 acts to prevent snagging or interference with the wire 9, in particular durin 



file://C:\Documents and Settings\7700\My Documents\EPOV3\JP2004530507T.html 



3/30/2007 



JP2004530507T 



Page 12 of 25 



advancement of the deliver catheter 1 through the vasculature 315. The sleeve 15 also ensures the wire < 
follows the overall curvature of the catheter 1 . 

The connector shaft 12 is movable proximally relative to the sleeve 15 in a sliding, telescoping manner 
with the shaft 12 passing over the pusher 6 and through the interior of the sleeve 15, as illustrated in Fig 
18 and 19. 

The shielding sleeve 15 ensures the pull wire 9 follows the overall curvature of the catheter 1 . Thus the 
wire 9 is prevented from following a straight line path upon retraction of the wire 9 when the catheter 1 
curved around a bend in a vasculature. 

When the delivery catheter 1 is used to deploy the embolic protection filter 301 in this manner, the non- 
moving elements of the catheter 200 are the distal handle 8, the hypotube 5, the junction piece 7, the 
pusher 6, and the sleeve 15. The moving elements of the catheter 1 are the proximal handle 14, the wire 
the connector shaft 12, and the sheath 10. 

In the delivery catheter 351 of Fig. 23, the hypotube 5 extends through only part of the junction piece 7. 
The distal end of the hypotube 5 is located distally of the proximal end of the pusher 6. 

In the delivery catheter 352 of Fig. 24, the hypotube 5 and the pusher 6 do not overlap. The distal end ol 
the hypotube 5 is located proximally of the proximal end of the pusher 6. An actuator lumen 353 is 
provided through the junction piece 7 aligned with the actuator lumen 302 of the hypotube 5 for passage 
the actuator wire 9 through the hypotube 5 and through the junction piece 7 to the connector shaft 12. 

Referring to Fig. 25 there is illustrated a further delivery catheter 360 according to the invention, which 
similar to the delivery catheter 200 of Figs. 1 to 17, and similar elements in Fig. 25 are assigned the sami 
reference numerals. 

The catheter 360 comprises the shielding sleeve 15 fixedly mounted to the pusher 6 and the hypotube 5. 
The sleeve 15 extends distally of the proximal guidewire opening 17. 

The pusher 6 is directly attached to the hypotube 5 in a side-by-side overlapping arrangement with the 
proximal end of the pusher 6 located proximally of the distal end of the hypotube 5. 

In Fig. 26 there is illustrated another delivery catheter 370 according to the invention, which is similar t< 
the delivery catheter 360 of Fig. 25, and similar elements in Fig. 26 are assigned the same reference 
numerals. 

In the catheter 370 the sleeve 15 also extends proximally of the proximal guidewire opening 17. The sle 
15 tapers proximally inwardly towards the hypotube 5. 

The proximal guidewire opening 17 is provided by an opening in the sleeve 15 aligned with the guidewi 
lumen 16 of the pusher 6. 

Fig. 27 illustrates another delivery catheter 380 according to the invention, which is similar to the delive 
catheter 370 of Fig. 26, and similar elements in Fig. 27 are assigned the same reference numerals. 

In this case the shielding sleeve and the connector shaft are provided by a single integral sleeve 381 
slidably mounted to the hypotube 5 and the pusher 6, and extending from a point proximally of the 
proximal guidewire opening 17 to the sheath 10, to which the sleeve 381 is fixed. 

The actuator wire 9 extends through the actuator lumen 302 of the hypotube 5, out of the distal end oft! 
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hypotube 5, internally through the sleeve 381, out of the sleeve 381 through an opening 382 in the sidev 
of the sleeve381, externally along the sleeve 381 to a point of attachment of the wire 9 to the sleeve 381 

Retraction of the wire 9 relative to the hypotube 5 causes the entire sleeve 381, and the sheath 10 to mo^ 
proximally over the pusher 6 in a sliding manner for deployment of the filter 301 from within the recept 
spacell. 

It will be appreciated that the actuator wire 9 may be fixedly attached to the connector shaft 12 by a vari 
of different means within the scope of the invention in suit. 

For example the distal end of the wire 9 may be fixedly attached to the external surface of the shaft 12 ii 
simple side-by-side arrangement, as illustrated in Fig. 28, in a manner similar to that described previous 
with reference to Figs. 1 to 17. 

Alternatively the distal end of the wire 9 may be flattened down into a curved dish configuration, as 
illustrated in Fig. 29, in a manner similar to that described previously with reference to Figs. 1 8 to 22. T 
curved configuration of the wire 9 provides for a large area of contact between the wire 9 and the extern 
surface of the shaft 12 for a secure attachment of the wire 9 to the external surface of the shaft 12. 

As a further alternative the wire 9 may be fixedly attached to the external surface of the shaft 12 by mea 
of a heat shrink tubing 350, as illustrated in Fig. 30, in a manner similar to that described previously wit 
reference to Figs. 18 to 22. 

In another case the actuator wire 9 may divide into two or more legs 390,391 after exiting the actuator 
lumen 302 of the hypotube 5. The legs 390,391 are fixedly attached to the external surface of the shaft 1 
on opposite sides of the shaft 12, as illustrated in Fig. 31, to ensure a balanced retraction of the shaft 12 
over the pusher 6. 

As another alternative the distal end of the actuator wire 9 may be fixedly attached to the internal surfac 
of the connector shaft 12, as illustrated in Fig. 32. The proximal end of the shaft 12 may be flared 
outwardly to accommodate passage of the wire 9 into the shaft 12. 

In a further case the distal end of the actuator wire 9 may be fixedly attached to the connector shaft 12 b 
embedding the distal end of the wire 9 within the wall of the shaft 12, as illustrated in Figs. 33 and 34. 

As a further alternative the connector shaft 400 may comprise one or more reinforcement elements 401 
extending longitudinally along the shaft 400. The actuator wire 9 may be fixedly attached to one of the 
reinforcement elements 401 . In the case where the reinforcement element 401 is a wire, the actuator wir 
may be integrally formed with the reinforcement wire 401, as illustrated in Figs. 35 and 36, for a secure 
connection between the actuator wire 9 and the connector shaft 400. 

The cross-sectional area of the hypotube 5 may vary along the length of the hypotube 5. A particularly 
preferred arrangement is for the hypotube 5 to taper distally inwardly, as illustrated in Fig. 38. 

The larger cross-sectional area towards the proximal end of the hypotube 5 results in greater stiffness 
towards the proximal end of the hypotube 5 for enhanced pushability of the delivery catheter. The small 
cross-sectional area towards the distal end of the hypotube 5 results in greater flexibility towards the dis 
end of the hypotube 5 for enhanced trackability of the delivery catheter. 

The cross-sectional area of the spring pusher 6 may also vary along the length of the pusher 6. A 
particularly preferred arrangement is for the pusher 6 to taper distally inwardly, as illustrated in Fig. 39, 
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similar reasons to those discussed previously with reference to Fig. 38. 

It is not essential that the proximal portion 5 of the catheter body 2 be formed from a hypotube. The 
proximal portion 5 may alternatively be formed from a polymeric material with a sufficiently large 
modulus of elasticity to provide the required pushability for the catheter. Suitable polymeric materials 
include PEEK, PA, and polyamide. Another alternative is for the proximal portion 5 to be formed from 
coiled spring. A lining of polytetrafluoroethylene or of fluoroethylenepolymer may be provided along tl 
proximal portion 5 for improved wire movement. 

The distal pusher 6 of the catheter body 2 may be formed from a close coiled metal spring 410, as 
illustrated in Fig. 40, and as described previously with reference to 

Figs.l to 17. The close coiled spring 410 provides the combination of good pushability and good 
flexibility. A polymer jacket 411 may be provided around the interior surface of the coiled spring 410, a 
illustrated in Fig. 41, for ease of guidewire passage through the coiled spring 410. 

Alternatively the distal pusher 6 of the catheter body 2 may be formed from a polymeric material as 
illustrated in Fig. 42, with a sufficiently large modulus of elasticity to provide the required pushability. i 
lining 412 of polytetrafluoroethylene or of fluoroethylenepolymer may be provided along the pusher 6, ; 
illustrated in Fig. 43, for improved wire movement. 

One or more axial reinforcing wires 413 may be provided extending along the pusher 6, as illustrated in 
Fig. 44, to increase the compressive modulus of the pusher 6 without reducing the flexibility of the push 
6. 

The connector shaft 12 may be formed from a polymeric material, as illustrated in 
Fig. 45, with a sufficiently large modulus of elasticity to ensure the shaft 12 is smoothly and accurately 
retracted. A lining 412 of polytetrafluoroethylene or of fluoroethylenepolymer may be provided along tl 
shaft 12, as illustrated in Fig. 46, for ease of movement of the shaft 12 relative to the pusher 6. 

One or more axial reinforcing wires 413 may be provided extending along the shaft 12, as illustrated in 
Fig. 47, to increase the tensile modulus of the shaft 12 without reducing the flexibility of the shaft 12. 

The actuator 9 may be of a metal, such as stainless steel, or Nitinol, or alternatively may be of a fibre, si 
as Kevlar. The cross-section of the actuator 9 may be round (Fig. 48), or square (Fig. 49), or rectangular 
(Fig. 50), or flattened down into a curve (Fig. 51) in a manner similar to that described previously with 
reference to Figs. 1 8 to 22, or star-shaped (Fig. 52). The actuator 9 may comprise two or more wire 
elements fixed together, as illustrated in Fig. 53. The wire elements may be braided together over the fu 
length of the actuator 9 (Fig. 54), or over only part of the length of the actuator 9 with the wire elements 
splaying apart distally (Fig. 55). 

Referring to Figs. 56 and 57 there is illustrated another delivery catheter 430 according to the invention, 
which is similar to the delivery catheter 200 of Figs. 1 to 17, and similar elements in Figs. 56 and 57 are 
assigned the same reference numerals. 

In this case the pusher 6 comprises a proximal tubular portion 432 with a distally extending arm 43 1 . Ai 
abutment half-ring 433 is provided at the distal end of the arm 43 1 for engaging the tubular member 3 Of 
the embolic protection filter 434 in the reception space 1 1 upon retraction of the distal sheath 10 (Fig.57 

The guidewire 22 extends in a side-by-side manner relative to the distal arm 43 1 , through the guidewire 
lumen 16 of the proximal tubular portion 432 of the pusher 6, and out through the proximal guidewire 
opening 17. 
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The filter 434 of Figs. 56 and 57 is of a different configuration to the filter 301 described previously wit 
reference to Figs. 1 to 17. The filter 434 has a single proximally extending support leg 435. 

It will be appreciated that the delivery catheter of the invention in suit is suitable for delivering and 
deploying at a desired site in a vasculature a variety of embolic protection filters. The delivery catheter i 
particularly suitable for delivering and deploying a filter which is independent of and slidable relative tc 
the guidewire 22. 

In Figs. 57 (a) to 57 (c) there is illustrated another delivery catheter 600 according to the invention, whi( 
is similar to the delivery catheter 200 of Figs. 1 to 17, and similar elements in Figs. 57 (a) to 57 (c) are 
assigned the same reference numerals. 

In this case the distal end of the shaft 12 is not flared outwardly, and the proximal end of the inner tubul 
member 306 is not inserted into the shaft 12, during delivery of the embolic protection filter 610. 

Instead a bridging sleeve 601 is provided mounted around the shaft 12 distally of the marker band 13, at 
illustrated in Fig. 57 (c). The sleeve 601 extends distally of the distal end of the shaft 12, such that the 
proximal end of the inner tubular member 306 of the filter 610 may be partially inserted into the sleeve • 
during delivery of thefilter 610 (Fig. 57 (c) ). This arrangement provides a bridge in stiffness between th 
relatively stiff shaft 12 and the relatively stiff inner tubular member 306 of the filter 610. Thus the 
possibility of buckling of the relatively flexible sheath 10 is minimised. 

It is noted that the filter 610 of Figs. 57 (a) to 57 (c) is of a different configuration to the filter 301 
described previously with reference to Figs. 1 to 17. In particular the inner tubular member 306 of the fi 
610 does not have any step formations or protrusions at the proximal end of the inner tubular member 31 
(Fig. 57(c)). 

The delivery catheter of the invention is also suitable for over-the-wire exchange over a guidewire. The 
rapid exchange configuration is not essential. 

Figs. 58 and 59 illustrate another delivery catheter 440 according to the invention, which is similar to th 
delivery catheter 200 of Figs. 1 to 17, and similar elements in 
Figs. 58 and 59 are assigned the same reference numerals. 

The catheter 440 is configured for over-the-wire exchange over the guidewire 22. 

The pusher 6 extends proximally in a side-by-side manner relative to the hypotube 5 (Fig. 59) to the dis1 
handle 8 to which both the pusher 6 and the hypotube 5 are fixed. The proximal guidewire opening 17 ii 
provided at a proximal end of the distal handle 8 (Fig. 58). 

The catheter body 2 may alternatively be provided in the form of a single catheter shaft 45 1 with the 
guidewire lumen 16 and the actuator lumen 302 extending therethrough, as illustrated in the delivery 
catheter 450 of Fig. 60. 

Fig. 61 illustrates another delivery catheter 20 according to the invention, which is similar to the deliver 
catheter 200 of Figs. 1 to 17, and similar elements in Fig. 61 are assigned the same reference numerals. 

In this case, there is no junction piece provided between the hypotube 5 and the spring pusher 6. Instead 
the distal end of the hypotube 5 is fixed directly, for example by means of bonding to the proximal end < 
the spring pusher 6. The proximal guidewire opening 17 is provided at the proximal end of the spring 
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pusher 6. 

In addition, the catheter 20 has no shielding sleeve around the pull wire 9. In this case, the wire 9 is 
uncovered between the distal end of the hypotube 5 and the exterior point of attachment 21 to the 
connector shaft 12. 

As illustrated in Fig. 61, the hypotube 5 is radially offset from the spring pusher 6, such that the proxim; 
guidewire opening 17 is substantially in-line with the guidewire lumen 16 through the pusher 6. This 
arrangement enables the guidewire 22 to pass through the lumen 16 in a substantially unobstructed 
manner, and thus enables quick and easy exchange of the delivery catheter 20 over the guidewire 22. 

In Fig. 62 there is illustrated another delivery catheter 30 according to the invention, which is similar to 
delivery catheter 20 of Fig. 61, and similar elements in Fig. 62 are assigned the same reference numeral: 

In this case, the hypotube 5, the junction piece 7 and the spring pusher 6 are substantially aligned. The p 
wire 9 exits the hypotube 5 through a sidewall opening 3 1 in the sidewall of the hypotube 5 and then 
extends distally to the point of attachment 21 to the connector shaft 12. The proximal guidewire opening 
17 in the junction piece 7 is also provided in the form of a sidewall opening in the sidewall of the junctii 
piece 7. The guidewire 22 exits the guidewire lumen 16 in the spring pusher 6 through the sidewall 
opening 17. 

As illustrated in Fig. 62, the pull wire opening 31 is located proximally of the guidewire opening 17. By 
locating the guidewire opening 17 close to the distal end of the catheter 30, this provides a user with 
enhanced control of the guidewire 22. 

It will be appreciated however that the pull wire opening may alternatively be located distally of the 
guidewire opening, or substantially adjacent to the guidewire opening. 

In the delivery catheter 30 of Fig. 62, the connector shaft 12 extends a substantial distance proximally o 
the pusher 6 towards the pull wire opening 31. However it is not essential for the connector shaft 12 to 
extend proximally over the full length of the pusher 6. In the delivery catheter 40 of Fig. 63, the conned 
shaft 12 extends proximally over only a portion of the length of the pusher 6. 

The catheter 40 also comprises an annular ring 41 at the distal end of the pusher 6 for abutting the embo 
protection filter 301 in the reception space 1 1 upon retraction of the sheath 10 relative to the pusher 6. 

Referring now to Fig. 64, there is illustrated another delivery catheter 55 according to the invention, wh: 
is similar to the delivery catheter 40 of Fig. 63, and similar elements in Fig. 64 are assigned the same 
reference numerals. 

The catheter body 2 comprises, in this case, a unitary hypotube 50 extending from the proximal end oft 
catheter body 2 to the sheath 10. 

The delivery catheter 55 comprises two wires 51 extending distally through the hypotube 50 from the 
proximal handle 14 through two separate, parallel actuator lumena 53. The wires 51 exit the lumena 53 
through two wire openings 31 and extend to the proximal end of the sheath 10 to which the wires 51 are 
directly attached. In particular, there is no proximally extending connector shaft provided in this case. 

By the use of two parallel pull wires 51, this ensures that the sheath retraction will proceed in a balancec 
manner. 

Both the proximal guidewire opening 17 and the two wire openings 31 are provided by openings in the 
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sidewall of the unitary hypotube 50. 

As illustrated in Fig. 64, the guidewire opening 17 is located proximally of the two wire openings 31. B; 
locating the wire openings 31 distally of the guidewire opening 17, this minimises the possibility of the 
wires 51 becoming tangled or damaged between the openings 31 and the sheath 10. 

The actuator wires 9 may extend through two separate actuator lumena in the hypotube 5 (Fig. 66) or 
alternatively may both extend through a single actuator lumen (Fig. 67). 

As another alternative a single actuator wire 9 may be provided extending through the actuator lumen ol 
the hypotube 5 (Fig. 68), or alternatively three or more actuator wires 9 may all extend through the sing] 
actuator lumen (Fig. 69). 

As the actuator wires 9 extend distally from the wire openings 31 in the hypotube 5 to the shaft 12, the 
wires 9 pass externally along the hypotube 5, as illustrated in Fig. 

70. The hypotube 5 may alternatively be formed into a substantially oblong crosssection, as illustrated ii 
Fig. 71, to minimise the overall crossing profile of the delivery catheter. 

The actuator wire 9 is fixedly attached to the external surface of the shaft 12 at opposite sides of the sha 
12, as illustrated in Fig. 72. This arrangement ensures that sheath retraction proceeds in a balanced mani 

Figs. 73 and 74 illustrate a further delivery catheter 460 according to the invention, which is similar to ti 
delivery catheter 30 of Fig. 62, and similar elements in Figs. 

73 and 74 are assigned the same reference numerals. 

In this case the pusher 6 is directly attached to the hypotube 5 without any junction piece 7. The pusher 
aligned with the hypotube 5 for passage of the guidewire 22 from the guidewire lumen 16 of the pusher 
out through the proximal guidewire opening 17. 

The pusher 6 has a smaller diameter than the hypotube 5 such that the external surface of the pusher 6 is 
stepped inwardly of the external surface of the hypotube 5. 

In this way the actuator wire 9 may pass distally from the actuator lumen 302 of the hypotube 5 
substantially parallel to the longitudinal axis of the catheter 460 towards the connector shaft 12. This 
arrangement ensures the overall crossing profile of the catheter 460 is not increased at the exit of the wii 
from the actuator lumen 302. 

This arrangement of stepping back the pusher 6 from the hypotube 5 may also be used when the cathete: 
comprises two actuator wires 9 (Fig. 75), three actuator wires 9 (Fig. 76), or more actuator wires 9 
extending through the hypotube 5. 

In the delivery catheter 470 of Fig. 77, the proximal portion 5 of the catheter body 2 and the pusher 6 an 
provided by a unitary catheter shaft 471 extending from the proximal end of the catheter 470 to the shea 
10. 

Fig. 78 illustrates a further delivery catheter 60 according to the invention, which is similar to the delive 
catheter 55 of Fig. 64, and similar elements in Fig. 78 are assigned the same reference numerals. 

The catheter 60 has a single pull wire 61 extending distally through the hypotube 50 from the proximal 
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handle 14 through a wire lumen 53. The wire 61 exits the lumen 53 through the side wall opening 31 . At 
the exit opening 31, the wire 61 divides into two parallel distal wire portions 62 which extend distally tc 
the proximal end of the sheath 10 to which the distal wire portions 62 are directly attached. 

In Fig. 79 there is illustrated another delivery catheter 70 according to the invention, which is similar to 
delivery catheter 30 of Fig. 62, and similar elements in Fig. 79 are assigned the same reference numeral: 

There is no proximally extending connector shaft provided in this case. The pull wire 9 extends distally 
the sheath 10, where the wire 9 is directly attached to the exterior surface of the sheath 10 at the point ol 
attachment 2 1 . 

The catheter 70 comprises an outer tube 71 mounted co-axially around the hypotube 5 and the wire 9 
between the proximal guidewire opening 17 and the point of attachment 21 . As illustrated in Fig. 79, the 
wire 9 extends between the pusher 6 and the outer tube 71 . 

By extending the wire 9 through the outer tube 71, this arrangement prevents looping of the relatively lc 
section of wire 9 between the wire opening 31 and the point of attachment 21, upon pulling of the wire f 
proximally to retract the sheath 10 and deploy the embolic protection filter 301 from within the receptio 
space 1 1 . 

The outer tube 71 is fixedly attached to the pusher 6, for example by means of heat shrinking the tube 7 
the pusher 6. A suitable material for the outer tube 71 is a hypotube material. 

As illustrated in the catheter 80 of Fig. 80, two or more pull wires 81 may be provided extending distall; 
between the pusher 6 and the outer tube 71. Using two or more pull wires 81 may result in a more balan 
retraction of the sheath 10. 

It will be appreciated that a pull wire may be configured to extend distally from the proximal end of the 
catheter body 2 externally along the full length of the catheter body 2 to the sheath 10. In such a case, th 
outer tube 71 will be particularly useful in channelling the wire distally to the sheath 10, and in preventi 
looping of the wire when the wire is retracted to deploy the embolic protection filter 301 from within th 
reception space 1 1 . 

Referring next to Figs. 81 and 82, there is illustrated a further delivery catheter 90 according to the 
invention, which is similar to the delivery catheter 55 of Fig. 64, and similar elements in Figs. 81 and 87 
are assigned the same reference numerals. 

In this case, the wire opening 3 1 is located distally of the proximal guidewire opening 17. The connecto 
shaft 12 extends proximally over the hypotube 50 passed the wire opening 31, and the wire 9 is attached 
the interior surface of the shaft 12 at the point of attachment 91 . 

As illustrated in Fig. 81, the wire 9 extends distally from the proximal handle 14 through the wire lumer 
53 in the hypotube 50, out of this lumen 53 through the wire opening 31 in the sidewall of the hypotube 
and then along the hypotube 50 to the point of attachment 91 . 

The wire 9 facilitates movement of the sheath 10 proximally relative to the hypotube 50, and in this 
manner enables deployment of the embolic protection filter 301 from within the reception space 1 1 . 

The sheath 10 is retractable relative to the hypotube 50 in a sliding manner by pulling the wire 9 
proximally relative to the hypotube 50. The distal end of the hypotube 50 provides a distal abutment 
surface for engagement with the embolic protection filter 301 in the reception space 1 1 upon retraction < 
the sheath 10. This abutment ensures that deployment of the embolic protection filter 301 at a desired si 
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may be accurately controlled by the user by manipulating the proximal handle 14 and the distal handle £ 
from externally of the vasculature. 

The stiffness of the catheter body 2 may decrease distally in a gradual manner. 

Ideally the stiffness decrease occurs across the proximal guidewire opening 17 in the sidewall of the 
hypotube 50. This non-discrete stiffness reduction ensures the catheter body 2 does not have any points 
weakness. The stiffness reduction may in one case be achieved by providing a stiffer section of hypotub 
fixed to a more flexible spring coil section. 

In Fig. 83 there is illustrated another delivery catheter 100 according to the invention, which is similar t< 
the delivery catheter 55 of Fig. 64, and similar elements in Fig. 83 are assigned the same reference 
numerals. 

The catheter 100 comprises an inner tube 103 mounted co-axially within the hypotube 50 distally of the 
proximal guidewire opening 17. The inner tube 103 is fixedly attached to the interior surface of the 
hypotube 50 by means of an annular ring 102. 

The sheath 10 is mounted at the distal end 4 of the catheter body 2 between the inner tube 103 and the 
hypotube 50. Upon retraction of the sheath 10, the sheath 10 is slidable proximally in a telescoping man 
relative to the hypotube 50 and the inner tube 103. 

The wire 9, in this case, extends distally from the proximal handle 14 through the wire lumen 53 along t 
full length of the catheter body 2 to the sheath 10. The wire 9 is fixedly attached to the exterior surface c 
the sheath 10 at the point of attachment 104. 

A reinforcement support in the form of a skived tube 101 is provided extending proximally of the 
guidewire opening 17 through the hypotube 50. The sloping distal end face 105 of the tube 101 assists ii 
guiding the guidewire 22 from the inner tube 103 out through the guidewire opening 17. 

Upon retraction of the wire 9 relative to the hypotube 50, the sheath 10 moves proximally relative to the 
hypotube 50 and the inner tube 103 sliding between the hypotube 50 and the inner tube 103 in a 
telescoping manner. Abutment of the inner tube 103 with the embolic protection filter 301 within the 
reception space 1 1 facilitates controlled deployment of the filter 301 at a desired site in the vasculature. 

Figs. 85 and 86 illustrate another delivery catheter 510 according to the invention, which is similar to th 
delivery catheter 30 of Fig. 62, and similar elements in Figs. 

85 and 86 are assigned the same reference numerals. 

The catheter body 500 is of one-piece construction with a variable pitch spiral 501 cut along the cathetei 
body 500 for enhanced trackability. The spacings between the spiral 501 decreases distally. In this way 
trackability of the catheter 510 increases distally. 

The proximal guidewire opening 17 and the actuator wire opening 31 are provided in the catheter body 
by laser drilling for passage of the guidewire 22 and the elongate actuator wire 9, from externally of the 
catheter body 500 into the catheter body 500, or from internally of the catheter body 500 out of the cathi 
body 500. 

A ramp 504 is provided to guide passage of the guidewire 22 or the elongate actuator wire 9 through the 
openings 17,31. 
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Frictional losses during deployment of an embolic protection filter using the delivery catheter of the 
invention are low. 

The delivery catheter according to the invention is particularly suitable for delivering an embolic 
protection filter in a downstream direction to a desired location in a vasculature, and deploying the filter 
the desired location. 

The invention is not limited to the embodiments hereinbefore described, with reference to the 
accompanying drawings, which may be varied in construction and detail. 
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CLAIMS 1. A delivery catheter comprising: a catheter shaft having a control lumen for an operating 
element; a pod defining a reception space for an embolic protection filter, the pod being movable relativ 
to the catheter shaft upon operation of the operating element to facilitate deployment of a filter from wit 
the reception space; and an engagement element for engaging a filter in the reception space upon 
movement of the pod relative to the catheter shaft. 

2. A catheter as claimed in claim 1 wherein a distal end of the catheter shaft is disconnected from a 
proximal end of the pod for movement of the pod relative to the catheter shaft. 

3. A catheter as claimed in claim 2 wherein the distal end of the catheter shaft is spaced proximally of tr 
proximal end of the pod. 

4. A catheter as claimed in claim 3 wherein the catheter comprises a covering sleeve extending between 
distal end of the catheter shaft and the proximal end of the pod. 

5. A catheter as claimed in claim 4 wherein the covering sleeve is mounted to the catheter shaft. 

6. A catheter as claimed in claim 5 wherein the pod is movable relative to the covering sleeve. 

7. A catheter as claimed in claim 4 wherein the covering sleeve is mounted to the pod. 

8. A catheter as claimed in claim 7 wherein the covering sleeve is movable relative to the catheter shaft. 

9. A catheter as claimed in any of claims 1 to 8 wherein the engagement element is attached to the cathe 
shaft. 

10. A catheter as claimed in any of claims 1 to 9 wherein the engagement element extends distally of th< 
catheter shaft. 

1 1 . A catheter as claimed in any of claims 1 to 10 wherein the engagement element comprises a pusher. 

12. A catheter as claimed in claim 1 1 wherein the pusher comprises a coiled spring. 

13. A catheter as claimed in claim 1 1 or 12 wherein the pusher is of a high modulus of elasticity polyme 
material. 
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14. A catheter as claimed in any of claims 1 to 13 wherein the engagement element defines a guidewire 
lumen therethrough. 

15. A catheter as claimed in claim 14 wherein the engagement element has a guidewire opening at a 
proximal end of the guidewire lumen. 

16. A catheter as claimed in claim 15 wherein the engagement element is configured for passage of a 
guidewire from the guidewire lumen through the guidewire opening substantially parallel to the 
longitudinal axis of the catheter shaft. 

17. A catheter as claimed in claim 16 wherein the longitudinal axis of the engagement element is 
substantially parallel to the longitudinal axis of the catheter shaft at least in the region of the guidewire 
opening. 

18. A catheter as claimed in any of claims 15 to 17 wherein the guidewire opening faces proximally. 

19. A catheter as claimed in any of claims 15 to 18 wherein the guidewire opening is located a substanti 
distance distally of a proximal end of the catheter for rapid exchange of the catheter over a guidewire. 

20. A catheter as claimed in any of claims 1 to 19 wherein the cross-sectional area of the operating elem 
is small relative to the cross-sectional area of the catheter shaft along at least part of the length of the 
operating element. 

21 . A catheter as claimed in claim 20 wherein the cross-sectional area of the operating element is small 
relative to the cross-sectional area of the catheter shaft in the region of the guidewire opening. 

22. A claim as claimed in claim 21 where in the delivery configuration the cross sectional area of the 
operating element is small relative to the cross-sectional area of the catheter shaft for a distance of at lea 
10mm proximally of the guidewire opening. 

23. A catheter as claimed in claim 22 wherein in the delivery configuration the cross-sectional area of th 
operating element is small relative to the cross sectional area of the catheter shaft for a distance of at lea 
20mm proximally of the guidewire opening. 

24. A catheter as claimed in claim 23 wherein in the delivery configuration the cross-sectional area of tfc 
operating element is small relative to the cross sectional area of the catheter shaft for a distance of at lea 
30mm proximally of the guidewire opening. 

25. A catheter as claimed in claim 24 wherein in the delivery configuration the cross sectional area of th 
operating element is small relative to the cross sectional area of the catheter shaft for a distance of at lea 
40mm proximally of the guidewire opening. 

26. A catheter as claimed in any of claims 1 to 25 wherein the diameter of the operating element is in th 
range of from 0.008" to 0.015". 

27. A catheter as claimed in claim 26 wherein the diameter of the operating element is in the range of fn 
0.01" to 0.012". 

28. A catheter as claimed in any of claims 1 to 27 wherein the operating element comprises a control wi 
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29. A catheter as claimed in claim 28 wherein the operating element comprises a pull wire. 

30. A catheter as claimed in any of claims 1 to 29 wherein the operating element exits the control lumen 
a location distally of the guidewire opening. 

3 1 . A catheter as claimed in any of claims 1 to 29 wherein the operating element exits the control lumen 
a location proximally of the guidewire opening. 32. A catheter as claimed in any of claims 1 to 29 when 
the operating element exits the control lumen at a location adjacent the guidewire opening. 

33. A catheter as claimed in any of claims 1 to 32 wherein the catheter comprises means to guide passag 
of a guidewire through the guidewire opening. 

34. A catheter as claimed in claim 33 wherein the means to guide passage comprises a guide tube. 

35. A catheter as claimed in claim 34 wherein the guide tube is located at the guidewire opening. 

36. A catheter as claimed in claim 34 or 35 wherein the guide tube is mounted to the engagement eleme: 

37. A catheter as claimed in any of claims 1 to 36 wherein the guidewire lumen of the engagement elem 
is offset radially from the control lumen of the catheter shaft. 

38. A catheter as claimed in any of claims 1 to 37 wherein the catheter shaft comprises a mounting piect 
for attaching the engagement element to the catheter shaft. 

39. A catheter as claimed in claim 38 wherein the distal end of the catheter shaft is located distally of th< 
proximal end of the engagement element. 

40. A catheter as claimed in claim 39 wherein the mounting piece is more flexible than the catheter shaf 
and the engagement element. 41 . A catheter as claimed in claim 38 or 39 wherein the mounting piece is 
more stiff than the catheter shaft and the engagement element. 

42. A catheter as claimed in any of claims 38 to 41 wherein the mounting piece tapers proximally 
inwardly. 

43. A catheter as claimed in any of claims 38 to 42 wherein the mounting piece tapers distally inwardly. 

44. A catheter as claimed in any of claims38 to 43 wherein the guidewire opening is provided by an 
opening in the mounting piece. 

45. A catheter as claimed in any of claims 1 to 44 wherein the engagement element comprises an 
engagement surface for engaging a filter in the reception space. 

46. A catheter as claimed in claim 45 wherein the engagement surface is provided by a distal end face o 
the engagement element. 

47. A catheter as claimed in claim 45 or 46 wherein the engagement surface extends circumferentially 
around the engagement element to definean"0"- shape. 

48. A catheter as claimed in claim 45 or 46 wherein the engagement surface extends partially 
circumferentially around the engagement element to define an"U"-shape. 
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49. A catheter as claimed in any of claims 45 to 48 wherein the engagement surface is configured to 
engage a tubular member of a filter. 50. A catheter as claimed in claim 49 wherein the tubular member 
defines a guidewire lumen therethrough. 

5 1 . A catheter as claimed in any of claims 1 to 50 wherein the operating element is attached to the pod. 

52. A catheter as claimed in claim 51 wherein the operating element is attached to an exterior surface of 
the pod. 

53. A catheter as claimed in any of claims 1 to 52 wherein the pod comprises a proximal portion and a 
distal portion, the distal portion defining the reception space. 

54. A catheter as claimed in claim 53 wherein the operating element is attached to the proximal portion. 

55. A catheter as claimed in claim 53 or 54 wherein the proximal portion and the distal portion are fixed 
together by means of a marker band. 

56. A catheter as claimed in any of claims 1 to 55 wherein the operating element is a control wire. 

57. A catheter as claimed in claim 56 wherein the operating element is a pull wire. 

58. A catheter as claimed in claim 56 or 57 wherein the operating element comprises a plurality of wires 

59. A catheter as claimed in claim 58 wherein the wires are braided together along at least part of the 
length of the operating element. 

60. A catheter as claimed in any of claims 1 to 59 wherein the stiffness of the catheter shaft decreases 
distally. 

61 . A catheter as claimed in claim 60 wherein the stiffness of the catheter shaft decreases from a point 
proximally of the guidewire opening to a point distally of the guidewire opening. 

62. A catheter as claimed in claim 60 or 61 wherein the stiffness decreases in a gradual manner. 

63. A catheter as claimed in any of claims 60 to 62 wherein the catheter shaft includes at least one slot ii 
the catheter shaft. 

64. A catheter as claimed in claim 63 wherein the slot extends along the catheter shaft in a spiral. 

65. A catheter as claimed in claim 64 wherein the pitch of the spiral varies along the catheter shaft. 

66. A catheter as claimed in any of claims 1 to 65 wherein the pod is thin-walled. 

67. A catheter as claimed in claim 66 wherein the pod has a wall thickness in the range of from 0.0005" 
0.00075". 

68. A catheter as claimed in any of claims 1 to 67 wherein the pod is of the material 
polyethyleneterephthalate or polytetrafluoroethylene. 69. A catheter comprising a proximal shaft portioi 
and a distal shaft portion attached to the proximal shaft portion, and means to stiffen the catheter at the 
junction between the proximal shaft portion and the distal shaft portion. 
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70. A catheter as claimed in claim 69 wherein the catheter comprises a mounting piece for attaching the 
distal shaft portion to the proximal shaft portion. 

71 . A catheter as claimed in claim 69 or 70 wherein the distal end of the proximal shaft portion is locate 
distally of the proximal end of the distal shaft portion to stiffen the junction. 

72. A catheter as claimed in claim 71 wherein the mounting piece is more flexible than the proximal sha 
portion and the distal shaft portion. 

73. A catheter as claimed in claim 70 or 71 wherein the mounting piece is more stiff than the proximal 
shaft portion and the distal shaft portion to stiffen the junction. 

74. A catheter as claimed in any of claims 69 to 73 wherein the catheter comprises strain relief means. 

75. A catheter as claimed in claim 72 wherein the mounting piece tapers distally inwardly. 

76. A catheter as claimed in claim 72 or 73 wherein the mounting piece tapers proximally inwardly. 

77. A catheter as claimed in any of claims 69 to 75 wherein a guidewire opening is provided in the 
catheter, the guidewire opening being located a substantial distance distally of a proximal end of the 
catheter for rapid exchange of the catheter over a guidewire. 

78. A catheter as claimed in claim 77 wherein the guidewire opening is provided by an opening in the 
mounting piece. 

79. A catheter as claimed in claim 77 or 78 wherein the guidewire opening faces in a direction 
substantially parallel to the longitudinal axis of the catheter. 

80. A catheter as claimed in any of claims 77 to 79 wherein the catheter comprises means to guide passE 
of a guidewire through the guidewire opening in the catheter. 

81 . A catheter as claimed in claim80 wherein the means to guide passage is provided by the mounting 
piece. 

82. A delivery catheter comprising: a catheter shaft; a pod defining a reception space for an embolic 
protection filter; and an operating element coupled to the pod; the pod being movable relative to the 
catheter shaft upon operation of the operating element to facilitate deployment of a filter from within th< 
reception space; the operating element being coupled to the exterior surface of the pod. 

83. A catheter as claimed in claim 82 wherein the operating element extends internally through a contro 
lumen in the catheter shaft, exits the control lumen and extends externally along the pod. 

84. A catheter as claimed in claim 82 or 83 wherein the operating element is fixedly attached to the pod. 

85. A catheter as claimed in any of claims 82 to 84 wherein the operating element is a control wire. 

86. A catheter as claimed in claim 85 wherein the operating element is a pull wire. 

87. A catheter as claimed in any of claims 82 to 86 wherein the pod comprises a proximal portion and a 
distal portion, the operating element being coupled to the proximal portion. 
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88. A catheter as claimed in any of claims 82 to 87 wherein a guide wire opening is provided in the catht 
located a substantial distance distally of a proximal end of the catheter for rapid exchange of the cathete 
over a guide wire. 

89. A catheter as claimed in any of claims82 to 88 wherein the catheter comprises an engagement eleme 
for engaging a filter in the reception space upon movement of the pod relative to the catheter shaft. 

90. A delivery catheter comprising: a catheter shaft; a pod defining a reception space for an embolic 
protection filter, the pod being movable relative to the catheter shaft to facilitate deployment of a filter 
from within the reception space; and an engagement element for engaging a filter in the reception space 
upon movement of the pod relative to the catheter shaft; the engagement element being offset in the radi 
direction from the catheter shaft. 

91 . A catheter as claimed in claim 90 wherein the engagement element is attached to the catheter shaft. 

92. A catheter as claimed in claim 90 or 91 wherein the engagement element extends distally of the 
catheter shaft. 

93. A catheter as claimed in any of claims 90 to 92 wherein the distal end of the catheter shaft is located 
distally of the proximal end of the engagement element. 

94. A catheter as claimed in any of claims 90 to 93 wherein the catheter comprises a mounting piece for 
attaching the engagement element to the catheter shaft. 

95. A catheter as claimed in any of claims 90 to 94 wherein the catheter comprises an operating element 
coupled to the pod for moving the pod relative to the catheter shaft. 96. A catheter as claimed in any of 
claims 90 to 95 wherein a guidewire opening is provided in the catheter located a substantial distance 
distally of a proximal end of the catheter for rapid exchange of the catheter over a guidewire. 

97. A catheter substantially as hereinbefore described with reference to the accompanying drawings. 
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